Objective: This study examined the relation of change in theory-relevant cognitive variables to depressive symptom change over the course of cognitive therapy, as well as the specificity of change mechanisms to cognitive therapy as compared with dynamic therapy. Method: There were 237 adult outpatients who were randomized to either cognitive (n ϭ 119) or dynamic (n ϭ 118) therapy for major depressive disorder in a community mental health setting. Assessments of compensatory skills (Ways of Responding Community Version and Self-Report Version), dysfunctional attitudes (Dysfunctional Attitudes Scale), and depressogenic schemas (Psychological Distance Scaling Task) were obtained at baseline and months 1, 2, and 5 following baseline. Primary outcome was measured using the Hamilton Rating Scale for Depression. Results: Across both therapy conditions, change in all 3 cognitive domains was associated with concurrent change in depressive symptoms. After controlling for other cognitive variables, increased interconnectedness of the positive achievement-related schema was significantly associated with concurrent symptom change in cognitive (r p ϭ .26, p Ͻ .001) but not dynamic therapy (r p ϭ .08, p ϭ .29). Increases in positive compensatory skills were associated with subsequent change in depressive symptoms in cognitive therapy (r p ϭ Ϫ.36, p ϭ .003), but not in dynamic therapy (r p ϭ .11, p ϭ .386). Conclusions: Results provide support for the compensatory skills model of cognitive therapy (CT) within a community mental health setting. Additional research is necessary to understand other possible mechanisms of change in CT in the community setting.
Beck's cognitive therapy (CT) for major depressive disorder (MDD) is based on the idea that depressogenic cognitions contribute to the emergence of depressive symptoms (Beck, 1970; Beck, Rush, Shaw, & Emery, 1979) . At the root of depression are depressogenic "schemas," which consist of long-held, underlying beliefs about the self that are not readily accessible. However, at the "surface" level of experience, depressed individuals experience negative automatic thoughts that stem from these depressogenic schemas. At an intermediate level, automatic thoughts can be grouped into patterns of dysfunctional attitudes. Various theories have been proposed to describe the mechanism of cognitive change over the course of CT. One model hypothesizes that core cognitions (dysfunctional attitudes or schemas) are modified in CT ), while another model posits that core cognitions remain intact and are simply deactivated (Ingram & Hollon, 1986) . A third model proposes that in CT, individuals learn compensatory skills that help suppress depressogenic cognitions in stressful situations where they would normally be activated Hollon et al., 1990) . The positive compensatory skills emphasized in CT include generation of initial and alternative explanations for negative events and thoughts, as well as development of concrete problem-solving plans to resolve difficult situations. In contrast, negative compensatory skills are reactions to stressful events that contribute to or maintain depression.
To date, empirical tests of the mechanism of CT for MDD have been inconclusive. It also remains unclear whether theorized change mechanisms are specific to CT or are relevant across therapeutic modalities. A meta-analysis of 26 randomized clinical trials recently concluded that depressogenic cognitions (including irrational beliefs and negative automatic thoughts) change more in CT than in control groups, and that compared with other psychotherapies, CT is associated with greater change on the Dysfunctional Attitudes Scale (DAS; Weissman & Beck, 1978) but not on other measures of depressogenic cognitions (Cristea et al., 2015) . More relevant to understanding the mechanism of CT for MDD are studies examining the relation of change in depressogenic cognitions to change in depressive symptoms. Garratt, Ingram, Rand, and Sawalani (2007) examined 31 studies of CT for MDD and found that change in several types of cognitive variables (including reduction in dysfunctional attitudes) appeared to predict symptom change. However, many of these studies did not compare CT to another treatment or control group, meaning that there was insufficient evidence to determine whether mediation effects were unique to CT. Among those that did make such comparisons, the average within-group sample size was 24 patients. Consequently, statistical power was severely limited, and it was not possible to test cognitive variables using formal statistical models of mediation. Thus, there remains a substantial need in the literature for well-powered comparison studies that can test mediation models in both CT and other treatments to clarify whether cognitive mediation effects are specific to CT.
Two main approaches for testing mediation are the widely used Baron and Kenny (1986) model and the more recent model known as the MacArthur approach (Kraemer, Stice, Kazdin, Offord, & Kupfer, 2001; Kraemer, Wilson, Fairburn, & Agras, 2002) . The primary difference between these approaches is that, in the context of examining mediators of treatment-related change, the Baron and Kenny (1986) model requires a significant difference between the treatment group of interest and a comparison/control group on both the mediator variables and the outcome variable, while the MacArthur model does not. The MacArthur model instead allows the two treatment conditions to display an equal degree of change on both outcome and mediator, but a differential relation between the mediator and outcome. In addition, the MacArthur model emphasizes the importance of temporal precedence (i.e., change in the mediator leading to subsequent change in the outcome).
Only a few studies have examined whether changes in cognitive variables predict subsequent changes in depressive symptoms. In one study, DeRubeis et al. (1990) found that change in dysfunctional attitudes, hopelessness, and attributional styles from intake to midtreatment predicted change in depressive symptoms from midtreatment to termination in CT but not pharmacotherapy. In contrast, change in automatic thoughts did not significantly predict change in depressive symptoms in either CT or pharmacotherapy. A larger study was conducted by Vittengl, Clark, Thase, and Jarrett (2014) . Among patients with recurrent MDD who received CT (N ϭ 523), hopelessness and attributional style at midtreatment were modestly associated with depression severity at termination, even after controlling for midtreatment depression severity. However, change in dysfunctional attitudes and learned resourcefulness did not significantly predict subsequent change in depressive symptoms.
The above studies all relied on self-report measures of surface cognitions. Studies that have attempted to assess underlying selfschemas using non-self-report measures have produced mixed results. Segal and Gemar (1997) suggested that patients successfully treated with CT experience a shift in the organization of their underlying negative self-schemas. This shift was inferred indirectly from RTs on a modified Stroop task. More recently, Dozois et al. (2009) assessed schema consolidation using a computerized task designed to measure the interconnectedness of self-relevant information. Based on this assessment, patients receiving CT plus pharmacotherapy showed significantly greater changes in cognitive organization in both positive and negative domains than those who received exclusively pharmacotherapy. In contrast, results from a Redundancy Card-Sorting Task administered in the same sample suggested that the combination of CT and pharmacotherapy was only associated with significantly greater cognitive restructuring in the positive interpersonal domain, and that no significant restructuring occurred in negative domains . In another study by Quilty, Dozois, Lobo, Ravindran, and Bagby (2014) , CT and pharmacotherapy were both associated with significant changes in positive and negative schematic structure, again suggesting that this mechanism may not be specific to CT.
Several studies have examined the hypothesis that CT works by increasing positive compensatory skills in depressed patients. Barber and DeRubeis (2001) found that improvement from intake to week 12 in positive compensatory skills, as measured by the Ways of Responding (WOR; Barber & DeRubeis, 1992) , was associated with a decrease in depressive symptoms from baseline to week 12. In another study of CT for depression, quality of compensatory skills on the WOR posttreatment (controlling for scores pretreatment) was found to predict likelihood of relapse (Strunk, DeRubeis, Chiu, & Alvarez, 2007) . Most studies involving the WOR have focused on the positive subscale, which assesses use of compensatory skills taught in CT. One study used a WOR total score (positive minus negative score) to assess overall compensatory skills and found that change in this score significantly correlated with change in depression and anxiety symptoms (Gibbons et al., 2009 ). However, CT did not produce more change in total compensatory skills than psychodynamic therapy, and correlations between change in total compensatory skills and change in symptoms did not differ by treatment (no significant treatment-bymediator interaction).
In addition to compensatory skills that are applied in stressful situations, CT also teaches behavioral activation skills such as scheduling and monitoring activities. Rating scales for CT skills typically assess both behavioral activation and compensatory cognitive skills. In a review of studies involving CT skill ratings, Hundt, Mignogna, Underhill, and Cully (2013) report that frequency of skill use predicted treatment outcome in 6 of 7 studies. In addition, a measure of quality of thought records was found to predict posttreatment outcome in one study (Neimeyer, Kazantzis, Kassler, Baker, & Fletcher, 2008) and relapse in another (Neimeyer & Feixas, 1990) . More recently, Jarrett, Vittengl, Clark, and Thase (2011) found that quality of CT skills at midtreatment and also at the end of CT was significantly associated with lower This document is copyrighted by the American Psychological Association or one of its allied publishers.
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depressive symptoms. Formal tests of mediation were not conducted in any of these studies. In summary, theories of the mechanism of change in CT have proposed that CT achieves symptom change by altering (a) dysfunctional attitudes, (b) underlying schemas, and/or (c) compensatory skills. No fully adequate test of these potential mediators has been performed to date. The current study was designed to address limitations of the existing literature. Specifically, we included repeat assessments of mediator and outcome variables to evaluate temporal effects; examined a broad range of theoretically relevant cognitive variables; utilized a relatively large sample size; and compared CT to an alternative psychotherapy, supportiveexpressive psychodynamic therapy (SE). For examining the specificity of CT mechanism variables, psychodynamic therapy is a particularly useful comparison condition. Theories of the mechanism of psychodynamic therapy generally do not focus on the cognitive variables (automatic thoughts, compensatory skills, and depressogenic schemas) that are theoretically relevant to CT. Rather, psychodynamic therapies have long focused on insight as the primary mechanism of change. In addition to insight, modern psychodynamic therapies have emphasized the role of patient affect and therapeutic alliance as important mechanism variables (Messer, 2013) .
We tested hypotheses in the context of a large-scale, randomized noninferiority effectiveness trial conducted at a community mental health center (CMHC; Connolly Gibbons et al., 2014 . The trial found that SE therapy was noninferior to CT on change in depressive symptoms. Although the lack of a between-group difference prevented the use of the Baron and Kenny (1986) model for testing mediators, we were able to implement the MacArthur model (Kraemer et al., 2001 (Kraemer et al., , 2002 , which permits claims of mediation based on significant treatment-by-mediator interactions in relation to outcome. Our hypotheses were that change on the cognitive measures would be associated with change in depressive symptoms for the CT group, but not for the SE group.
Method
All study procedures were conducted in compliance with the University of Pennsylvania Institutional Review Board. We collected written informed consent from all participants.
Participants
Patients. All adults who initiated outpatient services at the CMHC during the study period (N ϭ 3,951) completed the Quick Inventory for Depressive Symptomatology (QIDS; Rush et al., 2003) during the clinic intake assessment. Patients were referred to the research staff if they met the following criteria: (a) aged 18 to 65; (b) score of 11 or above on the QIDS at intake; (c) demonstrated at least a fourth grade English reading ability; and (d) willing to be contacted by the research staff. Patients were excluded from the study if they met any of the following criteria: (a) current or past diagnosis of schizophrenia; (b) suicidal risk or substance abuse requiring referral to more intensive treatment; and (c) referral to partial hospital program.
A CONSORT recruitment flow diagram has previously been published . In brief, of the 3,951 patients who completed the QIDS, 28% (N ϭ 1,100) were referred to the research staff. Among the 2,841 patients not referred, 40% (n ϭ 1,248) scored below an 11 on the QIDS, 26% (n ϭ 742) were uninterested in participating, and 30% (n ϭ 851) met other exclusion criteria. Patients referred to the study (N ϭ 1,100) were contacted for a brief phone screen. Of those, 52% (n ϭ 581) passed the phone screen and attended a baseline assessment at the CMHC. At baseline assessment, patients reviewed and signed informed consent documents, completed a self-report battery consisting of all self-report measures reported in the measures section except the QIDS, and met with a clinical evaluator (blind to study aims) who administered the Structured Clinical Interview for the Diagnostic and Statistical Manual of Mental Disorders-Fourth Edition (DSM-IV) Axis I disorders (SCID-I; First, Spitzer, Gibbon, & Williams, 1996) and the Structured Interview Guide for the Hamilton Depression Rating Scale (HAM-D; Hamilton, 1960) . Patients were invited to enroll in the study if they received a diagnosis of MDD on the SCID-IV and did not meet any of the following exclusion criteria: (a) diagnosis of bipolar disorder; (b) current or past diagnosis of schizophrenia, psychosis, MDD with psychotic features, or seizure disorder; (c) depression because of organic pathology; (d) symptoms of substance/alcohol abuse requiring immediate referral to substance abuse treatment; (e) medical issue requiring immediate referral to a partial hospitalization program; or (f) suicidal thoughts judged by the clinic to require services more intensive than once per week psychotherapy. Of the 581 patients who attended a baseline assessment, 41% (n ϭ 237) met enrollment criteria and were randomized to treatment.
The study statistician, who had no contact with patients, used a computerized urn randomization program to assign eligible patients to either SE or CT, with a 1:1 ratio between the two treatment modalities. This randomization method balances treatment conditions by adjusting the probability of assignment to each treatment based on preselected patient characteristics (Wei & Lachin, 1988) . The algorithm incorporated seven patient variables: gender, minority status, relationship status, depressive symptom severity, patient expectations for treatment, psychotropic medication use, and whether depressive symptoms were recurrent. Of the N ϭ 237 patients randomized to treatment, 118 were assigned to SE and 119 to CT. Treatment was delivered once a week for a maximum of 16 sessions or 5 months (whichever came first) by trained therapists employed by the CMHC. All randomized patients, regardless of the number of treatment sessions attended, were invited to participate in five monthly assessments at the CMHC.
Therapists. All therapists involved in the study were clinicians currently employed at the CMHC. All had terminal master's degrees (none was a current graduate student) with the exception of one who was a Ph.D. Therapists were recruited via advertisements at the clinic and were placed in either the SE or the CT cohort based on experience, preference, and clinical orientation.
Interventions SE psychodynamic therapy. Patients in the SE condition received supportive-expressive psychodynamic therapy, which emphasizes development of a positive therapeutic alliance to promote insight into relationship conflicts (Book, 1998; Luborsky, 1984) . The expressive aspect of the treatment was aimed at increasing patients' self-understanding of their negative interThis document is copyrighted by the American Psychological Association or one of its allied publishers.
personal patterns, as well as facilitating progress toward specific goals within interpersonal relationships. Interpersonal patterns are formulated in the SE approach using the Core Conflictual Relationship Theme model. This model examines present and past interpersonal relationships in terms of the patient's primary wish/needs, responses from other, and subsequent response of the self. Therapists use this formulation to guide interpretations that are aimed at increasing patient selfunderstanding (Luborsky, 1984) . Cognitive therapy. CT followed standard manuals (Beck et al., 1979; Beck, 1995) . CT is based on the assumption that inaccurate beliefs and maladaptive information processing leading to repetitive negative automatic thoughts have a causal role in both the etiology and maintenance of depression. CT aims to correct the maladaptive thinking to reduce current depression symptoms and prevent relapse/recurrence of symptoms. The therapist works collaboratively with the patient to develop skills for testing and modifying beliefs, identifying distorted thinking, and changing dysfunctional behavior. Treatment integrates behavioral activation techniques (including tasks such as activity scheduling and behavior experiments) with a cognitive approach to negative automatic thoughts and thought patterns, and ultimately an examination of underlying dysfunctional attitudes (Beck et al., 1979; Beck, 1995) .
Training and supervision. All therapist participants attended an initial training workshop led by a supervisor with expertise in either SE or CT. Both supervisors had at least 10 years of experience delivering and supervising the respective treatment modalities. Following the workshop, therapists were assigned a minimum of three training cases, for which they received extensive individual supervision. Before enrollment, patients consented to having all treatment sessions audio recorded. Supervisors listened to the recordings and conducted an hour of individual supervision for every 2 hr of therapy delivered during the therapist's training phase. The supervisors also offered additional individual supervision for some therapists based on unique training needs. During both the training and randomization phases of the study, all therapists participated in bimonthly group supervision meetings with other therapists in their assigned treatment modality. More details on therapist training and supervision are provided in the study protocol paper (Connolly Gibbons et al., 2014) .
Treatment fidelity. We assessed adherence and competence in both SE and CT to evaluate whether the treatments were administered with fidelity and could be discriminated from one another. We also rated fidelity to CT in a separate efficacy trial (DeRubeis et al., 2005) to compare the quality of CT delivered in the community context to expert CT. For fidelity to SE, we used a community adaptation of the Penn Adherence/Competence Scale for Supportive-Expressive Dynamic Psychotherapy (Barber & Critis-Christoph, 1996; Gibbons et al., 2012) . Adherence to CT was assessed with the CT subscale of the Collaborative Study Psychotherapy Rating Scale (Hill, O'Grady, & Elkin, 1992) , and competence to CT was assessed with the Cognitive Therapy Scale (Vallis, Shaw, & Dobson, 1986) . More details on treatment fidelity are reported in the study outcome paper . Overall, SE and CT were implemented with adequate fidelity and were discriminable based on adherence and competence ratings. Fidelity ratings on CT delivered in our study did not differ significantly from those in the efficacy trial.
Clinical Evaluators
In total, nine clinical evaluators (blind to treatment condition and study hypotheses) participated in the protocol. Clinical evaluators were advanced doctoral students enrolled in accredited clinical psychology programs who were provided with rigorous training in the administration of the SCID-I and HAM-D. Training and supervision were provided by a master's-level clinician with substantial experience in diagnostic supervision. Clinical evaluators audio recorded all diagnostic interviews, received written feedback from the diagnostic supervisor on a randomly selected 10% of cases, and participated in monthly supervision meetings via teleconference. More details on training and supervision of clinical evaluators are provided in the study protocol paper (Connolly Gibbons et al., 2014) .
Measures
Quick Inventory of Depressive Symptomatology-Self Report (QIDS; Rush et al., 2003) . The QIDS is a 16-item selfreport questionnaire with good reliability (Cronbach's ␣ ϭ .86) and convergent validity with the HAM-D (r ϭ .81) among patients with chronic MDD (Rush et al., 2003) . In the current study, severity of depressive symptoms as measured by the QIDS was used to determine patient eligibility. Among study participants at baseline, reliability of the QIDS was modest (␣ ϭ .58), which was likely a function of the narrow inclusion criteria that participants were required to meet.
The Structured Clinical Interview for DSM-IV Axis I disorders (SCID-I; First et al., 1996) . At baseline assessment, the SCID-I was administered by a trained clinical evaluator to determine whether patients were eligible for the protocol (i.e., met criteria for MDD and not for any exclusionary disorders).
The Hamilton Depression Inventory (HAM-D; Hamilton, 1960) . Clinical evaluators administered the HAM-D at baseline assessment and months 1, 2, 4, and 5 according to the Structured Interview Guide (Williams, 1988) . The 17-item HAM-D scores were used as an outcome measure of depressive symptom severity. In a meta-analysis of 409 studies, Trajković et al. (2011) reported good internal consistency (␣ ϭ .79) and inter-rater/test-retest reliability. In the current sample, Cronbach's ␣ for the HAM-D at month 5 was .78.
Dysfunctional Attitudes Scale Form A (DAS; Weissman & Beck, 1978) . The DAS has been applied extensively in studies of CT (Dozois, Covin, & Brinker, 2003) and exhibits good psychometric characteristics (Nezu, Ronan, Meadows, & McClure, 2000) . The DAS is composed of a series of 40 attitudinal statements that represent depressotypic "underlying assumptions." Patients mark the degree to which they endorse each statement on a 7-point Likert scale. In the current study, internal consistency (Cronbach's ␣) was .94 for DAS scores at baseline.
Ways of Responding Questionnaire (WOR; Barber & DeRubeis, 1992). The
WOR is an open-ended questionnaire that presents participants with a series of six stressful mood induction scenarios and associated depressotypic automatic thoughts, followed by questions about participants' likely reactions. Written This document is copyrighted by the American Psychological Association or one of its allied publishers.
responses are evaluated by three trained judges using the WOR Rater's Guide (Barber & DeRubeis, 1992) . The first judge determines the number of individual thought units within a response and also codes each unit into one of 25 categories representing negative (e.g., leaving or ignoring the situation, focusing blame on the self, and acting out) or positive (e.g., planning to improve, recruiting or accepting help, and expressing a hopeful attitude toward the situation) cognitions and behaviors. A second judge independently categorizes each thought unit as positive or negative, and a third judge resolves any discrepancies between the first two judges' decisions. WOR subscale scores are then calculated by separately averaging the number of positive responses and the number of negative responses across the six scenarios.
In the current study, we used a modified version of the WOR specifically designed for a community mental health sample (Yin et al., 2016) . The community version of the WOR replaces one scenario from the original WOR, which was developed in an academic setting, with an alternative scenario tailored to a culturally and demographically diverse population. The standard WOR has been validated in a number of studies (Barber & DeRubeis, 2001 ; see also Adler, Strunk, & Fazio, 2015; Gibbons et al., 2009; Strunk et al., 2007) , and the WOR community version has been validated in a CMHC setting (Yin et al., 2016) . Within the current sample, the WOR community version exhibited good interjudge reliability between the first two independent judges on both the positive (intraclass correlation coefficient [ICC] (2, 2) ϭ 0.92) and negative (ICC (2, 2) ϭ 0.94) subscales.
In addition, because compensatory skills are evaluated based on participants' written responses, we controlled for verbal ability when analyzing the WOR. A trained judge rated verbal ability on baseline WOR responses using a 4-point scale for each of the following categories: verbosity, vocabulary (defined as correctness of word usage), clarity, and detail. A second judge rated a subset of responses, and interjudge reliability was found to be good (ICC (3, 1) ϭ .85). Final verbal ability scores were computed as the average across the four rating categories, and this average had an acceptable internal reliability (␣ ϭ .73).
Ways of Responding Questionnaire (WOR-SR; Yin et al., 2016).
We also administered a self-report version of the WOR (WOR-SR) that has been validated in a CMHC setting (Yin et al., 2016) . The WOR-SR is a 31-item questionnaire in which participants rate on a 4-point scale (0 ϭ never to 3 ϭ very often) how frequently they respond to a stressful situation with behaviors that represent negative depressotypic reactions or positive compensatory strategies. Examples of positive and negative items, respectively, are: "In a stressful situation, I try to come up with a plan to fix the problem" and "In a stressful situation, I usually think that I am a failure." Average positive and negative scores are calculated separately. In the current sample at baseline, internal consistency was high for both the positive and negative subscales (␣ ϭ .89 for positive subscale; ␣ ϭ .91 for negative subscale).
Psychological Distance Scaling Task (PDST; Dozois & Dobson, 2001a, 2001b). The PDST is a measure of cognitive organization that is thought to capture the presence of underlying depressogenic schemas. It was included in the current study to provide a mediator measure that was not collected via self-report, and because a prior study showed greater change on the PDST for patients receiving CT plus medication than for those receiving medication alone (Dozois et al., 2009 ).
During the PDST, participants are presented with a square grid on a computer monitor, with the horizontal anchors not at all like me (left) and very much like me (right) and the vertical anchors very positive (top) and very negative (bottom). Respondents are presented with one adjective at a time and instructed to move the mouse to the position on the screen that best characterizes the valence (positive or negative) and degree of self-relevance of the word. The x/y-coordinate point selected for each adjective is recorded by the software program. The stimuli for the PDST consist of 80 adjectives (20 interpersonal positive, 20 interpersonal negative, 20 achievement positive, and 20 achievement negative). These word lists were created to be statistically equivalent on average frequency of word use in the English language, word length, emotional intensity, and imaginability (Dozois, 2007) . The manner in which individuals organize adjective content on the PDST is assumed to reflect the degree of schema consolidation, or interconnectedness, of self-relevant information. Greater distance among adjectives of similar valence is believed to indicate less interconnectedness of schematic information, whereas less distance is thought to reflect greater interconnectedness. The psychometric properties of the PDST have been supported in previous studies (Dozois, 2007; Dozois & Dobson, 2001b; Dozois & Frewen, 2006 ).
In the current study, word lists were modified to suit a community mental health sample with diverse educational backgrounds. In accordance with word evaluation procedures specified by Dozois (1999) , adjectives from the standard PDST that exceeded an eighth grade reading level were replaced with words at or below this level. Candidate replacement words, as well as the 80 words used in the standard PDST, were rated by impartial judges on emotional intensity, imagery, self-reference, and valence. The final 26 replacement words were then selected such that all four word lists remained equivalent on frequency of word use, word length, emotional intensity, and imaginability. The community version of the PDST has been validated within a CMHC population (Diehl et al., in press ).
Statistical Analysis
As a first step, we examined change in the cognitive mechanism variables over time. This was accomplished using mixed effects models, specifying linear time to each assessment (baseline and months 1, 2, and 5), treatment group, and treatment by time as terms. The mixed effects model accommodates the within-subject correlation of the repeated measures and is flexible with respect to missing data, such that patients with at least one data point are included in the analysis.
To test for potential concurrent associations between change on the mechanism measures and change in outcome (HAM-D), we fit a mixed effects model that simultaneously examined change from baseline to each of the three postbaseline assessments (month 1, month 2, and month 5). A partial correlation coefficient indexing the overall association between change in each mechanism variable and each outcome over the repeated assessments was calculated using the formulation given in Lipsitz, Leong, Ibrahim, and Lipshultz (2001) . This calculation controlled for baseline scores on both mechanism and outcome variables, as well as verbal ability for analyses of the WOR. On an exploratory basis, we also examined whether the effects of the mechanism variables on outcome varied as a function of number of This document is copyrighted by the American Psychological Association or one of its allied publishers.
sessions attended. To test this, interaction terms for number of sessions by each mechanism variable and number of sessions by treatment group by each mechanism variable were entered in subsequent steps to the models (with all relevant main effects and lower order interactions also included in the models). Each mechanism variable was first examined in a separate model, and then a stepwise model was conducted to evaluate which cognitive variables showed the strongest relation to outcome. To minimize the likelihood of Type 1 error in these stepwise analyses, each model was replicated 1,000 times by sampling with replacement from the original sample (bootstrap resampling; Mick & Ratain, 1994) . Predictors that were significant in at least 67% (two-thirds) of the models were retained as candidate predictors for a final stepwise model. This process has been used in several prior psychological studies (Coffman, Martell, Dimidjian, Gallop, & Hollon, 2007; Rynn et al., 2006) .
Because we measured the mechanism variables at intervening points in time, we also used a regression model to examine change in each mechanism variable in relation to subsequent change in depressive symptoms. As the predictor variable, we selected change in the mechanism variable from baseline to month 2 to allow a sufficient interval for change on the mechanism variable to occur. The outcome variable was change in the HAM-D from month 2 to month 5. Additional predictors in the regression model were (a) baseline score on the respective mechanism variable, (b) month 2 score on the HAM-D, (c) treatment group, and (d) the cross-product of treatment group by change in the mechanism variable (entered in a separate step after main effects). Cross-product terms to assess whether the influence of the mechanism variables on subsequent outcome depended on number of sessions were also entered in final steps (with all relevant main effects and lower order interactions included in the models). The impact of number of sessions attended on change in the mechanism variables from baseline to month 5 was also examined in regression analyses.
Results

Descriptive Characteristics of Sample
The two treatment groups did not differ significantly (using t tests for age; 2 for other variables) on any demographic variable.
Across treatment groups, approximately 75% of patients were women, 41% were African American, and about 8% identified as other minorities. The average age was 36.2 years, and 19% were married or cohabiting. Approximately 59% of patients reported that their highest level of education was a high school diploma or less, and the majority did not hold full-time jobs. Of the CT sample (n ϭ 119), 87 (73.1%) were on psychotropic medication during the trial, and of the DT sample (n ϭ 118), 80 (67.8%) were on psychotropic medication. Across treatment modalities, 95% of therapists were women, 25% were African American, and 15% were Asian. The average age was 41 years old. Eleven therapists delivering SE had a mean of 6.0 years of experience practicing therapy, while nine therapists who delivered CT had an average of 6.5. Therapists did not differ significantly (using t tests for age and years of experience; 2 for other variables) on any demographic variable. The average number of cases per therapist was 11.8 (SD ϭ 10.2, Mdn ϭ 9) with total cases seen per therapist ranging from 1 to 33.
There were no significant differences (all ps Ͼ .20) at baseline between the treatment groups on the HAM-D or any of the mediator variables examined, with one exception. The CT group had a significantly higher average baseline score on the PDST interpersonal negative scale (reflecting less dysfunction), t ϭ 2.4, df ϭ 306, p ϭ .015, though the size of the effect was small (Cohen's d ϭ .14).
Retention rates were similar within the two treatment groups: 87% of patients in SE and 83% of patients in CT attended at least one therapy session, and in each group, 88% participated in at least one research assessment following baseline. Across treatment groups, the mean number of therapy sessions attended (out of a possible 16) was 6.27 (SD ϭ 5.32, Mdn ϭ 5.00). The average number of sessions attended did not differ significantly between treatment groups (t(235) ϭ 1.47; p ϭ .14).
Correlations Among Mechanism Variables
Pearson correlations among the mechanism variables at baseline are given in Table 1 . In general, these correlations were small to moderate, with the exception of a stronger correlation between WOR negative and WOR positive scores, r ϭ Ϫ.66, p Ͻ .001 and between the PDST interpersonal positive and PDST achievement positive scores (r ϭ .62). Otherwise, the largest correlations (rs ϭ .52, ps Ͻ .001) were between the DAS and WOR negative scores and between the PDST interpersonal negative and PDST achievement negative scores. Moderate correlations were also apparent between the DAS and WOR-SR negative scores, r ϭ .48, p Ͻ .001 and between the DAS and WOR positive scores, r ϭ Ϫ.45, p Ͻ .001.
Changes Over Time
As reported previously (Connolly , HAM-D scores improved significantly over time for both treatment groups, and the SE condition was found to be noninferior to CT in terms of linear change on the HAM-D over the assessments. For the CT group, the HAM-D mean total scores were 21.08 (baseline) and 16.06 (estimated endpoint), and for the SE group, 21.05 (baseline) and 16.89 (estimated endpoint). Statistically significant improvements (linear change) over the course of all assessments from baseline through month 5 were also apparent for the mechanism measures, with the exception of the WOR-SR positive scale (see Table 2 ). The analyses revealed no significant differences between treatment groups on change over time in either outcome or mechanism variables.
Analyses examining prediction of subsequent change in depressive symptoms (reported below) used change in the mechanism variables from baseline to month 2. In general, mean change on the mechanism variables over this 2-month interval was small, though variability was high. SDs for the change scores (month 2 minus baseline) were: DAS, 26.5; WOR positive, .86; WOR negative, .83; WOR-SR positive, .51; WOR-SR negative, .55; PDST interpersonal negative, .38; PDST interpersonal positive, .30; PDST achievement negative, .45; PDST achievement positive, .38. Analyses of covariance (baseline value as covariate) on each of the month 2 mechanism variables revealed no evidence of any treatment group differences (all ps Ͼ .49). Effect sizes (Cohen's d) for change from baseline to month 2 across the full sample were: WOR negative: .33; WOR positive: Ϫ.08; WOR-SR negative: .26; WOR-SR positive: .05; DAS: .20; PDST achievement positive: .18; PDST achievement negative: .00; PDST interpersonal positive: .23; PDST interpersonal negative: Ϫ.11. Little or no improvement in some the mechanism variables (e.g., DAS, PDST interpersonal negative, and PDST achievement negative) was apparent This article is intended solely for the personal use of the individual user and is not to be disseminated broadly.
from baseline to month 1, justifying our decision to use the month 2 mechanism assessment for examination of change in mechanism variables in relation to subsequent change in depression.
There was no significant relation between number of sessions attended and change in any of the mechanism variables from baseline to month 5, and no significant interactions between number of sessions attended and treatment group in relation to change in the mechanism variables from baseline to month 5.
Concurrent Change in Mechanism Measures and Outcome
The analyses that evaluated change on the mechanism variables from baseline to months 1, 2, and 5 in relation to concurrent change in HAM-D scores revealed significant main effects for all cognitive mechanism variables, but no interactions with treatment group (see Table 3 ). Exploratory analyses revealed a significant interaction between WOR-SR negative and number of treatment sessions attended (p ϭ .003; interaction effect size r ϭ .21). Within the subgroup of patients who attended six or more sessions (i.e., were at or above the median attendance rate for the full sample), the relation between change on the WOR-SR and change in depressive symptoms was significant, r ϭ .56, p Ͻ .001, but no significant relation was evident among those who attended fewer than six sessions (r ϭ .18). There were no other significant interactions with number of sessions, nor were there any significant three-way interactions (change in mechanism variable by treatment by number of sessions).
Because there was some redundancy among the cognitive variables, we also conducted a stepwise model, again assessing concurrent change from baseline to months 1, 2, and 5 simultaneously. In this stepwise model, three variables retained significance: DAS (r p ϭ .17, p ϭ .016), PDST achievement negative (r p ϭ Ϫ.27, p Ͻ .001) and PDST achievement positive (r p ϭ .22, p ϭ .002). In the context of this stepwise model, a significant interaction effect was apparent for treatment group by PDST achievement positive, t(151) ϭ 2.08, p ϭ .039. Within the CT group, improvement in achievement positive interconnectedness was significantly associated with improvement in depressive symptoms (r p ϭ .26, p Ͻ .001), but no significant association was evident in SE therapy (r p ϭ .08, p ϭ .29).
Initial Change in Mechanism Measures in Relation to Subsequent Change in Outcome
Analyses examining change in mechanism variables from baseline to month 2 in relation to change in depressive symptoms from month 2 to month 5 revealed two significant interactions with treatment group (see Table 4 ). Among patients who received CT, initial improvement in positive compensatory skills as measured by the WOR was significantly associated with subsequent improvement in depressive symptoms (r p ϭ Ϫ.36, p ϭ .003), but in the SE group, this effect was not significant (r p ϭ .11, p ϭ .386) (treatment group interaction: t(128) ϭ 2.24, p ϭ .027). There was also a significant interaction between treatment group and initial change in negative compensatory skills, as measured by the WOR, Inventory-17 item) change from month 2 to month 5 as the dependent variable and change in the mediator variable from baseline to month 2 as the predictor, with treatment group (for overall sample) and baseline score on the mediator as covariates. Models for the WOR Negative and WOR Positive also include verbal ability as a covariate. Overall sample sizes range from 115 to 133 at month 5 (depending on mechanism variable). ‫ءءء‬ p ϭ .003 (all other partial rs not significant). This document is copyrighted by the American Psychological Association or one of its allied publishers.
in relation to subsequent improvement in depressive symptoms, t(128) ϭ 2.11, p ϭ .037, but no significant within-group associations were apparent, making it difficult to interpret this finding. Within each treatment group, no other early (baseline to month 2) changes in mechanism variables significantly predicted subsequent change in depressive symptoms. Exploratory analyses of potential interactions between change in mechanism variables and number of treatment sessions revealed a significant effect for WOR negative (interaction effect size r ϭ .22, p ϭ .013). This interaction was driven by a tendency for the association between change in the WOR negative and subsequent change in depressive symptoms to be larger as the number of treatment sessions increased. Among patients who were at or below the median number (8) of treatment sessions within the sample used for this analysis (i.e., those with a month 5 HAM-D score), there was no relation between change in the WOR negative and change in subsequent depressive symptoms (r ϭ Ϫ.16, p ϭ .21, n ϭ 67). Among those above the median, improvement in the WOR negative was positively associated with change in subsequent depressive symptoms, though the relation was not significant within this subgroup (r ϭ .19, p ϭ .12, n ϭ 68). Pooling treatment groups, no other mechanism variables showed significant interactions with number of sessions. However, there were significant three-way interactions (change in mechanism variable by treatment group by number of sessions) for two variables: PDST interpersonal positive (three-way interaction effect size r ϭ .19, p ϭ .039) and PDST achievement negative (three-way interaction effect size r ϭ .21, p ϭ .034). In dynamic therapy compared with cognitive therapy, there appeared to be a greater impact of change in PDST interpersonal positive on subsequent change in depressive symptoms for patients receiving more than eight sessions compared to those who received 8 or fewer sessions. Among those in the dynamic therapy group who improved more than the median amount of change in the PDST interpersonal positive scale, the average subsequent HAM-D change was Ϫ6.5 points for those with greater than eight sessions and .58 points for those with fewer than eight sessions. The comparable numbers for CT were Ϫ4.4 HAM-D points (greater than eight sessions) and Ϫ1.7 points (fewer than eight sessions). For those who improved more than the median amount of change on the PDST achievement negative scale, receiving eight or more sessions of cognitive therapy was associated with a greater decrease in subsequent HAM-D scores compared with receiving fewer than eight sessions (Ϫ2.2 HAM-D points, SD ϭ 7.6, n ϭ 14 vs. 0.56 HAM-D points, SD ϭ 9.2, n ϭ 18). However, this effect was reversed in dynamic therapy (Ϫ.33 HAM-D points, SD ϭ 8.8, n ϭ 12 vs. Ϫ3.77 HAM-D points, SD ϭ 6.6, n ϭ 14, respectively).
Discussion
Overall, our results provide mixed support for theoretical models of the mechanism of CT within the context of a community mental health center. Formal tests of the mechanism of CT using the Baron and Kenny (1986) approach were not possible given our finding that SE therapy was noninferior to CT in terms of change in depressive symptoms . In addition, we found here that cognitive variables did not change more in CT than in SE therapy, another prerequisite for mediational testing using the Baron and Kenny (1986) approach. In contrast, some findings were evident based on the MacArthur approach (Kraemer et al., 2001 (Kraemer et al., , 2002 , which emphasizes differential relations of mediators to outcomes in different treatment groups, but allows equal outcomes and equal changes in potential mediators. Out of nine cognitive variables examined here, the degree of gain in positive compensatory skills was the only one to meet both the test of differential relation (interaction with treatment group) and the criterion of time precedence (change in the mediator predicting subsequent change in outcome). It should be noted, however, that average change in the WOR positive from baseline to month 2 was small (d ϭ Ϫ.08). This suggests that although change in the WOR positive was important for driving subsequent change in depressive symptoms, many patients treated with CT failed to achieve change in positive compensatory skills, at least during the first 2 months of treatment. A potential clinical implication of these findings is that a greater emphasis on positive compensatory skills in the early sessions of CT may yield a better treatment response. Consistent with this implication, it might be more fruitful to focus the training of CT therapists on techniques to increase positive compensatory skills, rather than addressing underlying schemas or automatic thoughts.
Change on other cognitive variables, such as dysfunctional attitudes (as measured by the DAS) and underlying depressogenic schemas (as measured by the PDST), while associated with concurrent change in depressive symptoms, failed to predict subsequent change in depressive symptoms. The lack of findings for these other cognitive variables raises the question of whether change on these dimensions is relevant, as least in a CMHC population, to the process of cognitive therapy. However, the lack of evidence for change in mechanism variables predicting subsequent change in depressive symptoms (for all but positive compensatory skills in CT) does not rule out the possibility of causality. The exact time sequence of change in cognitive variables and change in symptoms is not known. Other variables (e.g., life events) occurring between the postbaseline measurement of the mechanism variables (month 2 in the sequential analyses for the current study) and the outcome measurement (month 5 in the current study) could attenuate the relation of initial mechanism change to subsequent symptom change. Moreover, the lag effect may vary across different mediator variables. It may be necessary, for example, to measure change in self-structure over an extended period of time before detecting a relation to subsequent symptom change.
Despite the failure of most cognitive measures to predict subsequent change in depressive symptoms, it was of interest in our concurrent analyses that three cognitive variables (dysfunctional attitudes, achievement positive self-schema, and achievement negative self-schema) remained statistically significant in a stepwise model predicting treatment outcome. The finding that each of these variables was individually associated with improvement in depressive symptoms suggests that multiple theories of the mechanism of CT may not be mutually exclusive. If so, a potential question for further research is whether the key mechanism of change in depression differs from patient to patient-that is, whether the central process for some patients is change in dysfunctional attitudes, while for others it is change in underlying self-structures-or whether improvement for the majority of patients is contingent on change in both of these domains. Of course, our concurrent analyses of mechanism and outcome variables do not provide strong support for causality, as such analyses fail to rule out reverse causation or the possibility that cognitive variables are inherent features of depressive episodes rather than drivers of improvement. This document is copyrighted by the American Psychological Association or one of its allied publishers.
In their description of CT models of change, Hollon, Evans, and DeRubeis (1988) define the compensatory skills model in terms of the acquisition of a set of new skills (i.e., positive compensatory skills) that are used to curtail negative thinking, rather than simply a reduction in the frequency of depressotypic responses (i.e., negative compensatory reactions). Thus, our findings are consistent with the compensatory skills model of change in CT, at least when CT is implemented in the CMHC setting. This emphasis on improvement in positive cognitive processes is consistent with previous reports that change in positive but not negative compensatory skills is associated with change in depression (Barber & DeRubeis, 2001 ). Negative cognitive skills may be pre-existing, stable vulnerabilities, covary with depressive symptoms, or be the consequence of a depressive episode, while recovery from an episode may be driven by the development of new positive skills. From a research methods point of view, our results also suggest that investigations involving the WOR instrument should examine positive and negative compensatory skills separately, rather than relying on a total score that combines the two and therefore is highly correlated with each.
Although change in both positive and negative scores on the WOR-SR was significantly associated with concurrent change in depressive symptoms, only improvement on the standard WOR (positive subscale) was associated with subsequent change in depressive symptoms. It may be that a fully self-reported measure of compensatory skills, compared with one that uses judges to code written responses, is more likely to be influenced by individual differences in the tendency to report negative aspects of oneself. If so, such a measure would be expected to correlate highly with other measures that are influenced by the same reporting bias (e.g., depressive symptom measures). Alternatively, it may be that the WOR and WOR-SR measure different aspects of compensatory skills (hence, the modest correlation between the two measures). Further research will be needed to tease out the comparative advantages of the WOR-SR and the standard WOR.
It is worth commenting on the consistent finding that mean change on each cognitive variable was not significantly different in CT compared with SE therapy. This finding is consistent with a recent meta-analysis of 26 studies, which reported that depressogenic cognitions such as irrational beliefs and automatic thoughts change as much in alternative psychotherapies as in CT (Cristea et al., 2015) . However, as Hollon et al. (1988) have pointed out, causality and specificity are separate concepts. Mediators can be associated with nonspecific change across diverse interventions yet still play a causal mediational role in one or more of those interventions.
In addition to the lack of difference between SE and CT in mean changes on the mediator variables, it is also of note that in the concurrent analyses, there were meaningful correlations between change in the mediators and change in symptoms, but no evidence of differences between the treatment groups in these associations. It may be that, to a certain extent, change in the cognitive mediator variables follows change in depressive symptoms and, therefore, would be expected to occur in any treatment that produces change in depression. Alternatively, assuming causality, it is possible that dynamic therapy also works through initially changing these cognitive variables. This could happen if the dynamic therapists are directly targeting cognitive variables (though using alternative language to describe these psychological processes), or if increases in self-understanding (the theoretical mediator of dynamic therapy) cause change in automatic thoughts, compensatory skills, and underlying depressogenic schemas, which in turn impact depressive symptoms. Consistent with this, our exploratory analysis found that in dynamic therapy, compared with cognitive therapy, there is a greater association between change in PDST interpersonal positive and subsequent improvement in depressive symptoms for those receiving 8 or more treatment sessions. This finding may indicate that some of the hypothesized cognitive variables are involved in the mechanism of dynamic therapy. Replication of such exploratory findings will be necessary in future studies. Understanding causal pathways and the role of cognitive mediator variables in different psychotherapies remains an important agenda for psychotherapy research.
Several limitations of this study are important to consider. First, our findings apply specifically to cognitive and dynamic therapies delivered in a community mental health setting, with therapists trained and supervised by experts in these modalities. The generalizability of these findings to other settings, such as those with doctoral-level therapists or different patient demographics, is not known. It may be that more highly skilled therapists can achieve greater change on mechanism variables in their patients, and substantial change on both mechanism variables and outcome (for at least a portion of a sample) may be needed for robust relations between mediators and outcome to emerge. Second, the inclusion/ exclusion criteria for the trial, and particularly the inclusion of patients who were receiving psychotropic medications, may have influenced the results. For example, the introduction of new antidepressants into a patient's treatment partway through the trial may have overridden the impact of psychological mechanism variables. Restricting the sample to those with major depressive disorder may also limit the generalizability to the larger population of patients in therapy with depressive symptoms or other presenting problems. The time course of the study also poses limitations: we did not assess long-term outcomes beyond 5 months postbaseline. Another limitation is that other aspects of CT not examined here, such as the teaching of behavioral activation skills, may be the primary mediators of symptom change in CT for MDD.
Another important limitation is the average duration of therapy in this study. Although the average number of sessions attended (6.3 sessions) was actually slightly more than that found in naturalistic studies of psychotherapy (e.g., a mean of 4.3 as reported by Hansen, Lambert, & Forman, 2002) , more sessions may be necessary to produce adequate change on certain mediators. Thus, it is important to restrict the current findings to the context of the study (an effectiveness study conducted in a CMHC setting) and not generalize to other settings in which CT might be implemented. It may be that different models of change are relevant for CT, and other therapies, depending on the specific context of the clinical work. In addition, the fact that many patients did not stay in treatment for the full course of therapy had an impact on the assessment of outcome at month 5. Because complete data could not be obtained from a substantial portion of patients who began CT, the findings from the current study cannot be generalized to all patients who begin a course of CT, even in the CMHC setting.
In summary, the current study provides mixed support for models of the mechanism of CT. Though measures of automatic thoughts and dysfunctional schemas were not related to subsequent change in depressive symptoms, our results do provide confirmation of the Barber and DeRubeis (2001) compensatory skills model of CT by suggesting that the acquisition of positive compensatory This document is copyrighted by the American Psychological Association or one of its allied publishers.
skills over the course of CT is associated with depression outcomes in a manner consistent with MacArthur mediational testing. In addition, our findings indicate that this mediational model may apply to CT delivered in a community mental health setting. Additional research is needed to elucidate other possible mechanisms of change in cognitive therapy delivered in the CMHC setting, as well as to examine the time lag between change in mechanism variables and change in outcome variables. A better mechanistic understanding of CT and other psychotherapies may enable us to improve treatment modalities and therapist training so as to increase the limited response rates for MDD treatment that persist in the CMHC and other settings.
